Abstract. The BRAF-V600
Introduction
Thyroid cancer is the most common endocrine malignancy, and its incidence has rapidly increased globally over the past few decades. The incidence rate of thyroid cancer tripled from 4.9 to 14.3 per 100,000 individuals between 1975 and 2009 (1) . Papillary thyroid carcinoma (PTC) is the most frequent type of thyroid cancer, accounting for 80-90% of all thyroid malignancies (2) , and conventional PTC is the main histological variant (3) .
The BRAF-V600 E mutation gene is the most frequent oncogenic genetic alteration in PTC, accounting for approximately 45% of PTC cases, and has been shown to be associated with a poor prognosis of PTC (4) . This mutation is associated with aggressive tumor behavior, disease recurrence and disease-specific mortality in PTC (5) (6) (7) . Numerous studies have documented the oncogenic molecular mechanisms of BRAF-V600 E driving the aggressiveness of PTC (8, 9) . The American Joint Committee on Cancer (AJCC)/Union for International Cancer Control reconvened in 2016 to update the tumor node metastasis (TNM) staging system and published its 8th edition, in which significant changes were introduced regarding thyroid cancer (10) . The age factor is a major change in the revised 8th edition of AJCC, as the age of 55 years has been introduced as the cut-off point demarcating the age-related prognostic risk of thyroid cancer, and patients aged >55 years appear to have a worse prognosis compared with patients younger than 55 years (10) . A large multicenter study by Xing et al (5) demonstrated that the BRAF-V600 E mutation was significantly associated with the risk of recurrence in PTC. Based on these data, it appears that the BRAF-V600 E status in isolation is not sufficient to substantially contribute to risk stratification in the majority of the patients. In addition, an incremental improvement in risk stratification may be achieved if the BRAF-V600 E mutational status is considered in the context of other standard clinicopathological risk factors (11) .
Therefore, synergistic interaction between BRAF-V600 E mutation and age stratification may better predict the prognosis of PTC. However, it was previously reported that the BRAF-V600 E mutational status was not an independent prognostic factor when patients were grouped by age into two categories (<45 and ≥45 years) and into three categories (<35, 35-60 and ≥60 years) (12) . The aim of the present study was to investigate whether the synergistic interaction between BRAF-V600 E mutational status and the new age stratification with a cut-off age of 55 years is more efficient in predicting the prognosis of PTC.
Materials and methods
Data source. The Cancer Genome Atlas (TCGA) Data Portal (https://tcga-data.nci.nih.gov) is the result of a collaboration between the National Cancer Institute and the National Human Genome Research Institute (13) . A comprehensive multi-dimensional map of the key genomic changes in 33 types of cancer has been generated. High-quality tumor and matched normal samples from 507 patients with thyroid cancer were collected and identified via the TCGA database, of which 475 patients had complete clinicopathological data.
Patient grouping and definition.
A total of 475 patients were divided into two groups according to the new cut-off age, namely the <55 years and the ≥55 years age groups. Lymph node positivity was defined as a count of positive lymph nodes >5. Tumors were staged according to the TNM staging system recommended by the 8th edition of AJCC (10) . Based on the 2015 American Thyroid Association (ATA) Management Guidelines (11), patients with gross extrathyroidal extension (ETE), incomplete tumor resection, distant metastases or lymph nodes >3 cm were classified into the high risk of recurrence group; those with aggressive histological characteristics, minor ETE, vascular invasion, or >5 involved lymph nodes (0.2-3 cm) were classified into the intermediate risk of recurrence group; and those with intrathyroidal differentiated thyroid cancer (DTC) (11) and ≤5 lymph node micrometastases (<0.2 cm) were considered as the low risk of recurrence group.
General information. In the present study, gene-level gene expression data from mRNA-seq, BRAF-V600 E mutation data and clinicopathological information of 475 patients with PTC were extracted from TCGA up until September 26, 2018 (Tables I and II) were compared between the two groups. The overall BRFA-V600 E mutation prevalence was 50.3% and the overall PTC recurrence rate was 6.4%.
Clustering analysis. Genes that were differentially expressed between positive and negative for BRAF-V600 E mutation status in the two age groups were assessed using RStudio software program (http://www.r-project.org). The heat map was generated using 'pheatmap' package in 'R' software (RStudio version 1.1.463) (14) to visualize the gene expression pattern, with red and green color representing highly expressed and lowly expressed genes, respectively. E status. The odds ratio (OR) was determined by univariate analysis, and ORs with 95% confidence intervals (CIs) were calculated. Multivariate analyses were conducted with the Cox regression analysis method on disease recurrence, and hazard ratios (HRs) with 95% CIs were calculated. All P-values were two-sided, and P<0.05 was considered to indicate statistically significant differences.
Results

Patient demographics.
The overall median follow-up time for all patients was 20 months (IQR, 14-38.3 months). The median follow-up time was 21 months (IQR, 14-44 months) in the <55 years group and 19 months (IQR, 12-34 months) in the ≥55 years group.
Association between BRAF-V600
E mutation status and clinicopathological parameters in the <55 years age group. In this group, of the 318 patients who were diagnosed with PTC [including 249 women (78.3%) and 69 men (21.7%), with a mean age at diagnosis of 38±10 years (range, 15-54 years) and a mean tumor size of 1.7±0.8 cm], 232 patients (51.6%) were positive for BRAF-V600 E mutation. The univariate analyses demonstrated a significant association between the presence of BRAF-V600 E and tumor size (P<0.001), multifocality (P=0.036), histology (P<0.001), RAI dose (P<0.001), follow-up time (P=0.001) and recurrence Table I . Univariate analyses of association between BRAF-V600 E mutation status and clinicopathological parameters in <55-age group. Table I) . The median follow-up time was 21 months (IQR, 14-44 months), during which time 13 patients (4.5%) developed recurrence; there were no reported fatalities. The univariate analyses revealed no significant association between the BRAF-V600 E mutation and PTC recurrence (P=0.865). Furthermore, the Kaplan-Meier plot for RFS did not reveal a statistically significant difference between the presence and absence of BRAF-V600 E (P=0.757; Fig. 1A ).
Association between BRAF-V600 E mutation status and clinicopathological parameters in the ≥55 years age group. The group included a total of 157 patients diagnosed with PTC, including 103 women (65.6%) and 54 men (34.4%). The mean age of the patients was 65±9 years and the mean tumor size was 1.9±1.0 cm. The prevalence rate of the BRAF-V600 E mutation was 47.8% (75 cases).
In the ≥55 years age group, the results on univariate analysis demonstrated a significant association between BRAF-V600 E mutation and tumor size (P=0.036), histology (P<0.001), RAI therapy dose (P=0.032), recurrence follow-up time (P=0.018), recurrence (P=0.031), mortality follow-up time (P=0.006), recurrence risk stage (P<0.001), advanced T stage (P=0.036), advanced N stage (P=0.036) and advanced AJCC stage (P=0.016) (Table II) . There was no significant association between BRAF-V600 E and age, sex, ethnicity, multifocality, lymphocytic thyroiditis, lymph node positivity, ETE, residual tumor, RAI therapy, mortality or M stage (all P≥0.05).
During a mean follow-up of 28 months (range, 3-157 months), 15 cases (10.2%) of recurrence were recorded. The presence of BRAF-V600 E mutation was associated with lower RFS in the ≥55 year age group (P=0.041; Fig. 1B) .
Recurrence risk factors. Multivariate regression analysis controlling for BRAF-V600
E , male sex, multifocality, histology, ETE, residual tumor, T stage, N stage, M stage and AJCC stage found that only advanced N stage (P=0.038) and advanced M stage (P=0.028) were independent predictors of recurrence in the <55 age group (Table III) . Notably, multivariate analysis demonstrated that male sex (P=0.026), multifocality (P=0.034), N stage (P=0.001) and M stage (P=0.005) were independent predictors of recurrence in the ≥55 age group (Table III) . However, the Cox multivariate regression demonstrated that BRAF-V600 E was not an independent predictor of recurrence in either of the two groups (P=0.758 and 0.993, respectively; Table III ). In addition, the Kaplan-Meier curves of RFS revealed that the ≥55 age group had a lower RFS rate compared with the <55 age group as determined by the log-rank test (P=0.007; Fig. 2 ).
Heat map result by clustering analysis. Gene variability was then computed using the median absolute deviation. The 3,120 most variable genes were selected. The heat map generated from the gene expression data revealed that there was a significant clustering effect between the positivity and negativity for BRAF-V600 E mutation in the ≥55 year age group (Fig. 3) . By contrast, the gene expression data demonstrated that there was no significant difference between the two groups in the <55 year age group. Table II . Univariate analyses of association between BRAF-V600 E mutation status and clinicopathological parameters in ≥55-age group. 
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Discussion
PTC is a well-differentiated papillary carcinoma with a relatively low mortality rate among thyroid cancers (14) . However, the rate of disease recurrence or persistence is high, up to 30% (15, 16) . The BRAF-V600 E mutation has been reported as a prognostic molecular marker in PTC (8,17,18) . However, the prevalence of the BRAF-V600 E mutation in PTC ranges between 30 and 80% (19) . Therefore, this molecular marker is of limited value for clinical decision-making in the majority of PTC cases. For thyroid cancer, the recent 8th edition of the AJCC staging system strongly emphasizes the overall age-related risk, with a cut-off age at 55 years (10) . In addition, several studies have demonstrated an association of BRAF-V600 E with older age and poor clinical outcomes, including PTC recurrence and PTC-specific mortality (5,7) . The present study investigated the hypothesis E mutation in the <55-age group. (B) Patients with the BRAF-V600 E mutation had worse RFS compared with patients without the BRAF-V600 E mutation in the ≥55-age group. RFS, recurrence-free survival. The 0.00-censored indicates patients who are negative for the BRAF-V600 E mutation and the 1.00-censored indicates patients who are positive for the BRAF-V600 E mutation.
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that BRAF-V600 E may better predict PTC aggressiveness and recurrence based on this age stratification.
This study demonstrated no significant difference between the presence of BRAF-V600 E mutation and ethnicity, in the ≥55-age group and the <55-age group. Therefore, we believe that the BRAF-V600 E mutation is not significantly heterogeneous in different ethnicities. By categorizing patients in the aforementioned two age groups the effectiveness of BRAF-V600 E in predicting aggressiveness and recurrence of PTC in terms of the cut-off age at 55 years improved. Furthermore, the heat map revealed significant clustering between the positive and negative BRAF-V600 E cases in the ≥55 age group. Similar to the results reported by Xing et al (5) , in the ≥55 group, the presence of the BRAF-V600 E mutation was significantly associated with tumor size, histology, RAI dose, lymph node metastasis (LNM), advanced AJCC stage (III/IV) and tumor recurrence, which are the major factors associated with a worse prognosis of PTC (11) . By contrast, in the <55 age group, the prognostic implications of the BRAF-V600 E mutation in PTC were limited. In the present study, the RFS distribution suggested that the ≥55 group exhibited a lower survival rate compared with the <55 group, and the latter group had a better prognosis. In addition, it was demonstrated that BRAF-V600 E is useful for predicting prognosis based on age stratification with the cut-off at 55 years. The molecular mechanism underlying the age-dependent effect of the BRAF-V600 E mutation on the prognosis of patients with PTC remains to be defined (20) . It is possible that certain age-related genes, such as immune response-associated genes (21), may cooperate with BRAF-V600 E in conferring poor prognosis, as BRAF-V600 E was shown to be associated with abnormal immune response in human cancers, including PTC (22, 23) . The present study further demonstrated that the presence of the BRAF-V600 E mutation was associated with a lower survival rate on RFS analysis in the ≥55 age group. However, in the <55 age group, there was no significant difference in survival between the presence and absence of the BRAF-V600 E mutation. Therefore, BRAF-V600 E may better predict the prognosis and recurrence of PTC based on the 55 year age stratification.
In addition, this study demonstrated that the synergistic interaction of BRAF-V600 E and age stratification was of greater assistance for clinicians in terms of optimal decision-making regarding surgical approach and the extent of surgery. It has been reported that central LNM is the most common cause of disease recurrence in PTC (24, 25) . However, prophylactic central lymph node dissection is not routinely recommended based on the currently published guideline (11) . The results of the present study demonstrated that BRAF-V600 E was significantly associated with LNM in the ≥55 age group, and positive BRAF-V600 E mutation status was associated with a higher risk of LNM compared with the negative mutation status. This study confirmed the association between the BRAF-V600 E mutation and a higher risk of LNM in the ≥55 age group. By contrast, in the <55 age group, there was no significant association between BRAF-V600 E and LNM. Whether the presence of BRAF-V600 E with regional LNM exert a synergistic effect on increasing the rate of locoregional disease recurrence remains elusive. Further RFS analysis demonstrated that there was no significant difference between positive and negative BRAF-V600 E mutation status in the LNM subgroup in the two age groups. Therefore, prophylactic central neck dissection may be performed in positive BRAF-V600 E mutation cases, particularly in the ≥55 years age group. However, the synergistic interaction between BRAF-V600 E and LNM is unclear, and patients with PTC who are BRAF-V600
E -positive with LNM may not require more aggressive treatment compared with patients with PTC who are BRAF-V600 E -negative with LNM.
Although RAI is routinely recommended by the 2015 ATA guidelines for patients with intermediate-to high-risk DTC, there is currently no consensus regarding the dose required for ablation (11) . There may be an association between the BRAF-V600 E mutation and the expression of certain genes, including sodium/iodide symporter, thyroid-stimulating hormone receptor, thyroperoxidase, thyroglobulin, and pendrin (26) . The sodium/iodide symporter gene is involved in RAI metabolism, therefore mutations could result in impaired sodium/iodide symporter expression, and also a decrease in iodide-metabolizing gene expression of thyrotropin receptor, thyroglobulin and thyroperoxidase (27) . This may be a possible explanation for RAI therapy failure and recurrence of PTC (28) . Although tumors with the BRAF-V600 E mutation Figure 3 . Heat map results of the of BRAF-V600 E mutation-positive and -negative cases in the ≥55 years age group. Gene expression pattern according to the BRAF-V600 E status. Supervised clustering of PTCs did exhibit a significant clustering effect between BRAF-V600 E mutation-positive and -negative status. Each cell in the matrix represents the expression level of a gene feature in an individual pattern. Red or green, high or low expression, respectively, as indicated in the scale bar. PTC, papillary thyroid carcinoma.
tend to be RAI-resistant, that knowledge, to the best of our knowledge, has yet to affect decision-making regarding RAI therapy. The results of the present study revealed no significant association between BRAF-V600 E and RAI therapy in the <55 and ≥55 age groups. However, the presence of BRAF-V600 E was associated with higher RAI therapy dose in the ≥55 age group. A large multicenter study reported that the association between BRAF-V600 E -positive mutation and high-dose RAI therapy is controversial (5) . Further research conducted by the present study revealed no significant difference between high-and low-dose RAI on RFS analysis in a low-to intermediate-risk group (based on the 2015 ATA risk stratification system). Therefore, it is uncertain whether higher-dose RAI therapy is required for patients with PTC, who harbor the BRAF-V600 E mutation. However, larger samples and cohort studies are required to confirm whether older patients with the BRAF-V600 E mutation require high-dose RAI therapy to improve prognosis.
In addition, the presence of BRAF-V600 E was not found to be an independent prognostic factor for predicting recurrent disease on univariate and multivariate analyses, when patients were grouped into <45 and ≥45 years age groups (12) . Although BRAF-V600 E had no independent impact on RFS, the BRAF-V600 E mutation better predicted aggressive clinicopathological characteristics and PTC recurrence based on age stratification using 55 years as the cut-off.
There were several limitations to the present study. First, the sample size was relatively small, with 475 cases downloaded from TCGA. Second, not all of the clinicopathological data was complete therefore some data is missing. Third, this study was a retrospective analysis using TCGA data, and prospective clinical trials are required to provide more reliable results. Fourth, information associated with the extent of surgery and thyrotropin suppression is not recorded by TCGA. Finally, the sex ratio of women to men is 352 to 123, consistent with the ratio of epidemiology (3.1:1) (1). However, in the <55 age group, gender distribution was unequal at 249 women and 69 male, which may cause bias.
In summary, the BRAF-V600 E mutation in PTC better predicts aggressive and recurrent disease based on stratification by 55 years of age. The synergistic interaction between the BRAF-V600 E mutation and age stratification with a cut-off of 55 years may be more helpful for clinicians and facilitate optimal decision-making regarding surgical approach and the extent of surgery.
